RESUMO: "Atividade antioxidante de Maytenus imbricata Mart., Celastraceae". A atividade antioxidante, poder redutor (RP) e a atividade coletora de radicais livres (FRS) usando 2,2-difenil-1-picrilhidrazil (DPPH), e a concentração de substâncias fenólicas totais dos extratos e substâncias isoladas das folhas, caules e raízes de Maytenus imbricata Mart. (Celastraceae) foram avaliados. Alguns extratos, a mistura de compostos fenólicos e epicatequina mostraram alto poder redutor e atividade antioxidante (DPPH) em comparação com o padrão butilhidroxianisol (BHA) e ácido gálhico (GA) utilizados no ensaio. O extrato acetato de etila das folhas mosraram alto teor de substâncias fenólicas e alto poder redutor e atividade antioxidante em relação aos outros extratos. Este fato indica haver alguma relação entre a concentração de substâncias fenólicas e o poder redutor. O solvente usado no processo de extração influencia a composição química dos extratos e, consequentemente, as atividades redutoras e antioxidantes.
INTRODUCTION
Free radicals are responsible by lipid peroxydation occurred during production and storage of nutrients (Singh et al., 2002) and are directly involved in some cancers, cardiovascular disorders, diabetes (Yildrin et al., 2001 ), Alzheimer's disease (Allison et al., 2001) , atherosclerosis and others human pathologies. In animal organism, different biochemical routes of the normal metabolism involve free radicals formation, but in these cases defense mechanism processes against the oxidative process propagation are also involved. However, these mechanisms do not show a good and constant efficacy (Yildrin et al., 2001) . So, exogenous antioxidant compounds acts as an auxiliary function in this defense processes. Antioxidants block the free radicals formation by different ways and establish important control function in some oxidative stress diseases (Allison et al., 2001 , Harbone, 1994 and in food conservation (Skerget et al, 2005) . Then, new natural antioxidants, mainly those isolated from medicinal plants, acquire great pharmacological importance and the researches of this compounds have been developed too much in the last years (Capecka et al., 2005; Harish & Shivanandappa, 2006; Wu et al., 2006; Andrade et al., 2007; Castilhos et al., 2007; Souza et al., 2007; Vicentino & Menezes, 2007; Balestrin et al., 2008; Iha et al., 2008; Nunes et al., 2008; Fonseca et al., 2009; Krishnamoorthy et al., 2009; Morais et al., 2009; Rebelo et al., 2009) .
Maytenus imbricata Mart. ex. Reissek (Celastraceae) is a sub shrub or a tree, with about 3 m height. It is endemically encountered in "campo rupestre" (Rupiculous field grasslands) regions mainly in Bahia and Minas Gerais States of Brazil (Okano, 1992) . Antiulcerogenic and analgesic effects (Queiroga et al., 2000; Gonzalez et al., 2001; Santos et al., 2007; Mota et al., 2008) , antitumoral (Pullen et al., 2003; Ravelo et al., 2004) , antimicrobial activity (Orabi et al., 2001; Estevam et al., 2009 ), antispasmodic (El Tahir et al., 1999 , insecticidal (Avilla et al., 2000) , citotoxic (Spivey et al., 2002) , neuroleptic and anticonvulsant properties (Sousa & Almeida, 2005; Quintans-Júnior et al., 2008) , antiinflammatory (Jorge et al., 2004; Santos et al., 2007; ) , antiespermatogenic (Montanari et al., 1998) and antidiabetical properties (Okine et al., 2005) are pharmacological activities attributed to different species of Maytenus.
Through phytochemical methodologies was possible to isolate different lupanic triterpenes from stems and branches hexane extracts of M. imbricata (Silva et al., 2005) . Giving sequence in our studies of M. imbricata, in the present work were determined the total phenolic content; free radical scavenging (FRS) using 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, and the reducer power (RP) of different extracts from leaves and branches, and of hydro-alcoholic extract from roots. Were also tested a mixture of phenolic compounds (MPC) and epicatechin (CTC), both isolated by fractioning of leaves extract of Maytenus imbricata.
MATERIAL AND METHODS

General procedures
FFolin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), butylhydroxyanisole (BHA), galic acid (GA) and potassium ferricyanide (III) were purchased by Sigma Chemical Co. (USA) and analytical grade solvents from VETEC (Brazil). The ultraviolet analyses were carried out in a Shimatdzu UV-1601 and infrared (IR) analyses in a Perkin Elmer SPECTRUM 1000 spectrometer in the range of 500 a 4000 cm-1, using KBr, 1% solution. Nuclear magnetic resonance (NMR) spectral data were obtained in a Brücker AVANCE DRX-400 spectrometer.
Plant material
Samples of leaves, branches and roots of M. imbricata Mart. (Celastraceae) were collected in Camarinhas mountain area of Ouro Preto City, Minas Gerais State, Brazil, and a voucher specimen is deposited (No 27.780) at the Herbarium of the Botany Department, Universidade Federal de Viçosa (UFV), Minas Gerais Brazil.
Extraction and isolation procedures
The leaves of M. imbricata were dried at room temperature (r.t.), crushed in a mill and the material (127.55 g) submitted to extraction in a Soxhlet apparatus with hexane, chloroform, ethyl acetate and finally with ethanol. After solvent removal in a rotatory evaporator the leaves hexane extract (LHE), chloroform extract (LChE), ethyl acetate extract (LEAcE) and ethanol extract (LEtE) were respectively obtained (Table 1) . During hexane withdraw from LHE in a rotatory evaporator, a solid material formation was observed and carefully separated by filtration [LHES (2.5 g)]. Similar process was also observed during ethanol withdraw from (LEtE) and, in this case the solid material was codified as DCT (0.97 g). The analyses by thin layer chromatography (TLC) and by gas chromatography coupled with mass spectrometry (GC-MS) indicated friedelin and β-friedelinol as the mainly constituents of LHE, pentacyclic triterpenes also encountered in other Maytenus species. By IR, 1 H and 13 C NMR spectral data was possible to identify DCT as dulcitol (galactitol), a polyol commonly encountered in different species of the Celastraceae family (Sousa et al., 1990) .
The fractioning of the leaves ethyl acetate extract (LEAcE) (11.9 g) by silica gel column chromatography (CC) furnishes a solid material (CTC). By IR and 1 H and 13 C NMR spectrometry, including 2D-NMR experiments was possible to identify CTC as flavan-3-ol (epicatechin).
Branches were dried at r.t., crushed (883.36 g) and submitted to extraction in a percolator at r.t. with hexane, ethyl acetate and finally with ethanol. This processes furnished the hexane extract (BHE), ethyl acetate (BEAcE) and ethanol extract (BEtE). In the BHE preparation, a precipitation of a solid material was observed during hexane removal in a rotatory evaporator. The removal process was stopped; the solution cooled to r.t. and the solid was separated by single filtration. After dried in an Abderhalden apparatus this solid was codified as BHES (8.29 g). The analysis by TLC and GC-MS indicate that BHES were constituted mainly by lupane triterpenes (Silva et al., 2005) . Similar precipitation process was observed during BEAcE preparation. The solid [MPC (2.28 g)] obtained was analyzed by IR spectrometry and submitted to FeCl 3 test (Santos & Mello, 2003) . The results of these analyses indicated the presence of condensed tannins in MPC.
After dried at r.t. and crushed, the roots (107.12 g) were submitted to extraction with a mixture of ethanolwater (8:2). The solvent was removed in a rotatory evaporator producing the root ethanol-water extract REWE (7.8 g).
Total phenolic
The total phenolic content in extracts and compounds isolated from M. imbricata were determined in according to Folin-Ciocalteu method (Singh et al., 2002) . All tests were realized in triplicate.
Free radical scavenging (FRS) activity
FRS activity of samples was determined in according to method described in literature (Blois, 1958; Singh et al., 2002) . Samples [50.0 and 100.0 µL (50.0 and 100.0 ppm), in triplicate] of each M. imbricata extract or compound were submitted to this method. The results of FRS activity were expressed as inhibition percent, calculated through optical density (OD) using the following formula:
Reducer power (RP)
The RP was evaluated in samples of extracts (1.0 mL) and compounds solutions (50.0 to 400.0 ppm) according to literature (Yildrin et al., 2001 ).
Statistical analyses
The statistical analyses of all triplicate assays were realized using ESTATISTICA software. Media, standard deviations and linear regression (R 2 ) had been determined. The differences between the samples were established by analyses of variance (ANOVA). The level of significance was determined at P < 0.05 for all experiments.
RESULTS AND DISCUSSION
Using Folin-Ciocateau reagent (Singh et al., 2002) was possible to identify the presence of phenolic compounds in the polar extracts obtained from leaves, branches and roots of M. imbricata. The results indicated a correlation between total phenolics with antioxidant and reducer power activities of the M. imbricata extracts (Table 1) .
To demonstrate the antioxidant activity of extracts and bioactive compounds of M. imbricata, the free radical scavenging (FRS) using DPPH test was adopted. The levels of DPPH reduction proportionally induced by an antioxidant compound decrease the absorbance measured at 517 nm. The dark red color of DPPH methanol solution rapidly disappears during reaction of the radical with compounds that possess ability to uptake proton radicals (Wu et al., 2006; Blois, 1958; Rodríguez et al., 2008) .
The ethanol extract of leaves (LEtE) show better weight yield (34.86 %) than ethyl acetate extract (LEAcE) (10.86 %). By the other side, LEAcE shows higher concentration of phenolic compounds. These facts demonstrate the influence of the extractor solvent in the chemical composition of the M. imbricata extracts and the phenolic compound constitution of each one, which influences the respective results of antioxidant activity.
In all concentrations tested, the FRS observed for LEAcE was statistically superior to the activity encountered for LEtE and LChE (Table 2) . By comparison of the FRS of leaves extracts at 100 ppm with the activity presented by standards and extracts was possible to verify that the results of LEAcE and LEtE were statistically superior of those produced by galic acid (GA) and BHA. In similar concentrations the extract LChE doesn't show FRS activity (Table 3) . The biggest activity presented by LEAcE can have been resulted by the presence of epicatechin, later isolated from this extract. The antioxidant activity of epicatechin was previously described (Agrawal, 1989) , like as the activity of tannins, a polymeric phenols detected using FeCl 3 test. The significant selectivity of ethyl acetate in relation to procyanidin compounds, which present high antioxidant activity (Jayaprakasha et al., 2001 ) is important for the studies of pharmacological effects of M. imbricata.
Although FRS was not observed in extracts gotten of leaves and branches using non polar solvents, it is not possible to conclude the absence of this activity (Kranl et al., 2005) . Experiments adopted to verify antioxidant activity of non-polar extracts and compounds (Murcia et al., 2004 ) must be used to obtain real conclusions about the antioxidant activity of M. imbricata non polar constituents.
The results of FRS (DPPH) activity assays using 50, 100, 200 and 300 ppm of branches ethyl acetate extract (BEAcE) were superior to those presented by BHA (100 ppm) and minor of that one presented by GA (100 ppm). The linear regression curve of the data obtained from these experiments demonstrates an FRS enhancement tendency associated to BEAcE concentration (Figure 1) . Similar results were observed in FRS assays using root hidroethanolic extract (REWE) when compared to BHA (100 ppm). The FRS activity of REWE was superior only in higher concentrations (200 and 300 ppm) ( Table 4) .
The reducer power (RP) observed for all M. imbricata extracts of leaves revealed direct correlation with the concentration, being greater in 300 ppm (Table  2) . In relation to FRS activity, LEAcE showed different results in comparison with the others extracts. The data obtained for LEAcE were statistically superior only in the assays using 50 ppm of this extract. For LEAcE and LEtE in all concentrations (100, 200 and 300 ppm), RP wasn't detected with different statistical value significance ( Table  2 ). The RP of LChE was only observed in the tests using 200 and 300 ppm of extract, but the results were inferior to those detected for the other extracts. Observing the data of Table 5 is possible to verify that the reducer power of GA is superior to RP produced by LEAcE and LEtE extracts. The RP of BHA was superior to RP observed for LChE and inferior to those produced by LEAcE and LEtE. The extract LEAcE and LEtE showed similar reduced power when analyzed by Tukey test (5 %).
The reducer power data obtained from branches ethyl acetate extract (BEAcE) and root ethanol water extract (REWE) were submitted to linear regression analysis. Although BEAcE had showed reducer power variations associated to its concentration used in assays, wasn't possible to establish some mathematical equation or a model to explain the results encountered. In comparison to GA, the RP presented by REWE only was superior when 300 ppm of extract was tested. (Table 4 ). The LEAcE extract showed greater total phenolics content (Table 1) and also greater FRS (DPPH) and RP in comparison with other extracts (Table 2 ). These facts indicate the existence of some correlation between the presence of phenolic compounds with the FRS and RP activities. Both CTC and MPC in all concentrations tested shown FRS activity Antioxidant activity of Maytenus imbricata Mart., Celastraceae superior to BHA (100 ppm) and GA (100 ppm) (Table 6  and 7) . Phenolic compounds represent one of the greater groups of bioactive compounds encountered in vegetable kingdom (Li et al., 2006) and many of them shown antioxidant activity observed through different assays (Murcia et al., 2004; Kranl et al., 2005; Carvalho et al., 2008) . Correlations between the antioxidant compound content in the material submitted to tests and the antioxidant activity are not easy to explain only using quantitative analyses (Capecka et al., 2005) . In according to Skerget et al. (2005) , sinergism between antioxidant compounds and others secondary metabolites produce differences in relation to the antioxidant efficacy of plant extracts. 422.57 ± 15.89 nd = not detected; LHE = Leave hexanic extract; LHES = solid material from LHE; LEAcE = Leave ethyl acetate extract; LEtE = Leave ethanolic extract; BHE = branches hexanic extract; BHES = solid material from BHES; BEAcE = branches ethyl acetate extract; MPC = mixture of phenolic compounds; CTC = epicatechin; REWE = roots hydro-alcoholic (8:2) extract. LChE 0.00e Media of triplicate result marked with the same letter doesn't shown statistical differences by Tukey test (P < 0.05). LEAcE = leave ethyl acetate extract, LEtE = leave ethanolic extract, LChE = leave chloroform extract, BHA = butylhydroxyanisole and GA = galic acid. 
